Abstract: In this study, seeds of 5 species of Acanthophyllum in Turkey were examined with stereomicroscope and scanning electron microscope (SEM) to evaluate the systematic significance of seed microstructure. The seeds of Acanthophyllum were characterised by oblong or obovate shape. Seeds dorsal and ventral side are generally convex. The largest seeds are found in A. acerosum (2.45 mm in length and 1.16 mm in width). The smallest seeds are found in A. verticillatum (1.61 mm in length and 0.84 mm in width). Seeds surface of Acanthophyllum species are fine tuberculate arranged with elongate or polygonal cells like jigsaw puzzle. The shape of suture is sinuous, undulate or dentate. The colour of seed is reddish-brown or yellowish-brown. The radicle is on the one side of each seed and just out beyond the hilar notch. Colour of seeds, seed length and width, hilum length and width, suture shape, testa cell shape and the number of suture points per plate are important characters in differentiating Acanthophyllum species. By this study, similarities and differences between the species of Acanthophyllum genus are revealed and contributed to taxonomic studies.
Introduction
The family Caryophyllaceae is a large dicotyledonous family contains three subfamilies; Paronychioideae, Alsinoideae and Caryophylloideae (Bittrich, 1993) . It contains 86 genera and almost 2200 species (Bittrich, 1993; Heywood, 1998) . The genus Acanthophyllum having 60 species is generally distributed in the phytogeographic region of Irano-Turanian (Bittrich,1993) . The genus Acanthophyllum C.A.Mey. belongs to the Caryophyllaceae family and is represented by 5 species: A. acerosum Sosn., A. microcephalum Boiss., A. mucronatum C.A.Mey., A. verticillatum C.A.Mey., and A. oppositiflorum Aytaç of which are endemic in Turkey (Aytaç, 2001) .
There are some investigations carried out on seed morphology of different Caryophyllaceae genera by scanning electron microscopy (SEM). Such studies were applied for example to Arenaria L. (Wofford, 1981; Wyat,1984) , Bolanthus (Ser.) Reichb. , Bufonia L. , Dianthus L. (Vural, 2008; İlçim et al. 2013; Hamzaoğlu and et al.,2015) , Gypsophila L. (Fedatova and Artzhanova, 1992; Kovtonyuk, 1994; El Naggar, 2004; Amini et al. 2011; Ataşlar and Ocak, 2004) , Minuartia L. (Celebioğlu et al., 1983) , Moehringia L. (Minuto et al., 2006 ), Paronychia Miller (Ocana et al., 1997 Kaplan et al., 2009) , Pseudostellaria Pax (Xia et al., 2011) , Sagina L. (Crow, 1979) , Silene L. (Melzheimer, 1977; Aeschimann, 1984; Yıldız and Çırpıcı, 1998; Hong et al., 1999; Liden et al., 2000; Yıldız, 2006; Yıldız and Erik, 2010; Yıldız and Dadandı 2009; Mitra and Gholipour 2013; Dadandı and Yıldız 2015) , Stellaria L. (Mahdavi et al., 2012) and Spergularia (Pers.) J.Presl & C.Presl. (Memon et al., 2010) ; Velezia L (Poyraz and Ataşlar 2010) . Kanwal et al. (2012) 
Results
The morphological characters of the seeds from the studied species of Acanthophyllum were given below. Data obtained by stereomicroscope and electron microscope were reviewed in "Tables 2", as well as in " Figures 1, 2 According to this study, seed of Sagina had superficial ridges and tubercles also two basic seed types were identified in the genus. The saginoid seed, characteristic of section Sagina, is obliquely triangular in outline, is grooved along the two dorsal ridges, and has slightly concave lateral surfaces. Acanthophyllum species mainly differs from these taxa with oblong or oblong-obovate seed shape.
Yıldız (2002) investigated seed macro and micromorphology of seeds of 17 species (12 genera) of Caryophyllaceae from North Anatolia (Turkey). According to this study, seed type was reniform, ovoid, reniform to orbicular, orbicular, peltate, scaled-winged, cylindrical, ovoid to reniform. Seed surface type was flat-concave, flat, convex, wringed crugosus aculeate, concavo-convex, rounded. Seed tubercle shape was tall/short conical, obtuse, rounded, flat, and aculeate-verrucate, digitate.
Seed suture outline was digitate/serrate/stellate/sharply-sinuous, fine digitate and sharply serrate. Hylar zone of seed was recessed, prominent, and zip-shape facial and flat. Acanthophyllum species in our research had oblong or oblong-obovate seed shape, elongate or polygonal testa cells and zip-shape sometimes dentate suture outline of testa cells. Minuto et al. (2006) carried out a study on seed morphology of 30 species of Moehringia L. and 12 representatives of the Caryophyllaceae were examined with the scanning electron microscope. According to this study, seed shape was subcircular, reniform or crassuloid. Seed colours were black and shiny or dark grey and dull. Smooth seed is the common condition in Moehringia, except for Eastern Balkan and Iberian species. Five types of strophioles were recognised. The seed shape of the investigated species in our research was oblong or oblong-obovate seed shape and absent of strophioles.
Vural (2008) investigated new species Dianthus aytachii C. Vural from Turkey. The seed type of D. aytachii was scaled-winged, 1.6-2.2 x 0.8-1.2 mm, seed back flat convex, seed surface type concavo-convex, tubercle obtuse, surface finely granulated. Seed coat cells subsquare to rectangular with suture points. Suture points per seed coat cell 21-34, suture outline sinuous to dentate and hylar zone prominent. Acanthophyllum species investigated in our research was oblong or oblong-obovate seed shape, shape of suture was sinuous, undulate or dentate. Number of suture points per plate of Acanthophyllum species were 5-17. Yıldız and Dadandı (2009) reported the seed of Silene cirpicii was reniform shaped, concave, a little flat seed back, rounded or low rounded seed tubercle shaped, sinuate sometimes digitate suture outline and recessed hylar zone. Acanthophyllum differs from this species with oblong or oblongobovate seed shaped and sinuous, undulate or dentate shape of suture.
Seed morphology of some Velezia L. species has been studied by Poyraz and Ataşlar (2010) Acanthophyllum species mainly differs from these taxa with oblong or oblong-obovate seed shape, dark reddish-brown or yellowishbrown seed colour and undulate, zip-shape or dentate suture outline. Memon et al. (2010) carried out a study on seed morphology of Spergularia marina (L.) Griseb., occurring in wheat fields of Khairpur district. According to this study, four types of seeds were detected in each capsule as unwinged ovate with tuberculate, unwinged ovate with tuberculiformis projections, unwinged ovate with striate pitted and winged ovate with papilliformis protuberances. Species in our research was unwinged and were not have projections. Amini and et al (2011) investigated seed morphology of 22 species of Gypsophila L., five species of Saponaria L., two species of Allochrusa Bunge ex Boiss. and one species of Ankyropetalum Fenzl were examined by scanning electron microscope. According to this study, seed shape was generally reniform, seed colour was generally black and shiny or grey, dull black and shiny, surface of the seed had elongate, oblong, irregular or rounded testa cell and zipshaped, digitating, reticulate, puzzle-shaped, straight, undulate or polygonal margin of testa cell. The seeds size of examined species between 0.5-2.1 mm in length and 0.3-2.4 mm in diameter. The seed shape of the investigated species in our research was oblong or oblong-obovate, seed colour was dark reddish-brown or yellowish-brown. Mahdavi et al (2012) examined seed micromorphology of eight species of Stellaria L. and two of its relatives by scanning electron microscope. They emphasised that seed shape was reniform, pyriform or cubical-spheroidal. The shape of testa cells was rounded, interlaced, elongated or irregular. Ornamentation of testa cells were secondary micro-sculpture. Acanthophyllum species in our research was oblong or oblong-obovate seed shape and elongate or polygonal testa cells. Kanwal et al (2012) studied seed micromorphological characters of 59 species, distributed in 21 genera of the family Caryophyllaceae using light and scanning electron microscopy. According to this study, investigated species in Caryophyllaceae had large variety of seed characters such as seeds reniform, subreniform and rarely elliptic pyriform, cuneate, transversely cuneate, ovate, oblong, orbicular or suborbicular. Seed size ranges from 0.4-3 x 0.3-3 mm. The seed shape of the investigated species in our research was oblong or oblong-obovate.
Seed morphology of some Iranian endemic Silene species has been studied by Arman and Gholipour (2013) . They reported the seeds shape of the most species is reniform. The size of seeds ranges from 0.85 × 0.62 mm in case of S. elymaitica to 2.28 × 1.4 mm in S. nizvana. The ornamentation of seed coat is papillate in S. elymaitica and S. oligophylla, tuberculate in S. daenesis and the seed surface of the rest is smooth. Three types of the edge of testa cells; V form, U form and entire were observed. Hilum region length ranges from (216-596) μm and hilum region width (109-322) μm. Acanthophyllum species mainly differs from these taxa with oblong or oblong-obovate seed shape. The larger seeds were found in A.acerosum (2.45mm in length and 1.16mm in width). The smallest seeds were found in A.verticilatum (1.61mm in length and 0.84 mm in width). Acanthophyllum species have tuberculate seed surface patterns. The shape of suture was sinuous, undulate or dentate. Hilum region length ranges from (227-426) μm and hilum region width (101-412.5) μm. Koç et al (2014) investigated new species Arenaria microcalyx from Turkey. Arenaria microcalyx had 0.4-0.7 x 0.2-0.5 mm, reniform, blackish seeds. Shape of suture of this species was ribbed fingerless. Acanthophyllum species in our research was oblong or oblong-obovate seed shape and sinuous, undulate or dentate shape of suture. Dadandı and Yıldız (2015) worked on seed micro and macromorphology of 39 Silene taxa by stereomicroscope and scanning electron microscope. They reported that seed shape was dominantly reniform. Tubercles were mostly rounded or conical. Hilum of seed was generally depressed. The seed shape of the investigated species in our research differ from these taxa with oblong or oblong-obovate seed shape.
Conclusions
Seed morphology of Acanthophyllum shows some noteworthy features within the Caryophyllaceae. The most striking aspects are shape and colour. The aims of the present paper are a comprehensive study of the seed micromorphology of Acanthophyllum species in Turkey.
